Many RNP proteins contain one or more copies of the RNA recognition motif (RRM) and are thought to be involved in cellular RNA metabolism. We have previously characterized In Xenopus a nervous system specific gene, nrp1, that is more similar to the hnRNP A/B proteins than to other known proteins (K.RIchter, P.J.Good, and I.B.Dawid (1990), New Blol. 2, 556-565). PCR amplification with degenerate primers was used to identify additional cDNAs encoding two RRMs In Xenopus. Three previously uncharacterlzed genes were Identified. Two genes encode hnRNP A/B proteins with two RRMs and a glycine-rich domain. One of these is the Xenopus homolog of the human A2/B1 gene; the other, named hnRNP A3, is similar to both the A1 and A2 hnRNP genes. The Xenopus hnRNP A1, A2 and A3 genes are expressed throughout development and in all adult tissues. Multiple protein isoforms for the hnRNP A2 gene are predicted that differ by the insertion of short peptide sequences in the glycine-rich domain. The third newly isolated gene, named xrp1, encodes a protein that is related by sequence to the nrp1 protein but Is expressed ubiquitously. Despite the similarity to nuclear RNP proteins, both the nrp1 and xrp1 proteins are localized to the cytoplasm In the Xenopus oocyte. The xrp1 gene may have a function in all cells that is similar to that executed by nrp1 specifically within the nervous system.
INTRODUCTION
RNA binding proteins are involved in various aspects of RNA metabolism in the cell including RNA stability, RNA processing, and translation (1) . A subset of the RNA binding proteins form a family that is identified by one or more copies of an 80-90 amino acid motif named the RNP motif or RNA recognition motif (RRM); the RRM has been shown to mediate RNA binding by these proteins (for review see ref.
2). This motif contains two conserved regions, an octapeptide RNP1 and a hexapeptide RNP2 (3, 4) . Many of the genes encoding RRMs are expressed in all or most cell types, but some appear to have a tissue specific or developmentally regulated function (3, (5) (6) (7) (8) (9) (10) .
The heterogeneous nuclear ribonucleoproteins (hnRNPs) are defined as proteins that associate with hnRNA (pre-mRNA) in the nucleus. A family of core hnRNP proteins, the A, B and C type proteins, have been described as forming a complex with hnRNA (11) ; cDNAs encoding such proteins have been isolated from mammals (12) (13) (14) (15) , frogs (16, 17) , and insects (18) (19) (20) (21) (22) (23) . These proteins contain either 1 (type Q or 2 (type A/B) copies of the RRM in addition to auxiliary domains. The sequence of the two RRMs of hnRNP A/B proteins is conserved such that the first RRM is more closely related to the first RRM of other proteins than to the second RRM of the same protein (4, 19, 21) . This conservation implies that the two RRMs have maintained distinct protein structures, presumably for specific functions such as preferential binding to distinct classes of RNA sequence (24) (25) (26) (27) . The original view of the role of core hnRNPs held that they are involved in packaging of newly transcribed RNA (11, 28) , but recent experiments suggested that these proteins also have a role in RNA processing (29) (30) (31) (32) (33) (34) .
Previously, we identified a gene, nrpl, that encodes a protein that is more similar in sequence to the hnRNP A/B proteins than to other previously described proteins (6) . The nrpl protein has a similar domain structure as the hnRNP A/B proteins with two RRMs in the amino terminal half. The nrpl gene is specifically expressed in the nervous system of Xenopus, except for a maternal RNA component accumulated in the egg. During development, nrpl is expressed in the neurectoderm after neural induction, and later is localized to the ventricular zone of the tadpole brain, a region where cell proliferation takes place (6, 35) .
We report here the use of PCR amplification with degenerate primers to isolate cDNAs related to both nrpl and the type A/B hnRNPs from Xenopus. This screen identified three previously unreported genes. One is the Xenopus homolog of the mammalian A2/B1 gene, and another is related to both the Al and A2/B1 genes. The third gene, named xrpl, is similar to nrpl, yet is expressed in all cells and tissues of Xenopus that were tested. In Xenopus oocytes injected with either protein or the corresponding mRNA, the nrpl and xrpl proteins are localized to the cytoplasm.
MATERIALS AND METHODS

Isolation of PCR fragments from cDNAs encoding two RRMs
PCR amplification with degenerate primers was performed on cDNA template from either an embryonic stage 24/25 library or an adult brain library as described previously (36) . Fully degenerate primers corresponding to conserved amino acid sequences ( Fig. 1) were synthesized that included an EcoRI site at their 5' ends. The relevant amplified bands were identified by size, gel purified, and inserted into the EcoRI site of pBluescript KS(+). About 1000 of the resulting colonies were screened as described in Results.
Isolation and sequencing of cDNA inserts
Specific oligonucleotides were synthesized for the A2, A3 and xrpl genes and used to screen cDNA libraries for full-length cDNAs. Initially, a XZAP (Stratagene) cDNA library of RNA isolated from Xenopus XTC cells was screened and the inserts subcloned by helper phage-induced recombination. For xrpl, one insert, xrpl-3, was sequenced and is 1774 bp long, similar in size to the xrpl mRNA detected on northern blots, and ends in a stretch of polyA (Accession # L02953). For the hnRNP A2, four cDNAs were sequenced and two classes of cDNAs (A2-7/A2-9 and A2-10/A2-11) were identified, presumably representing both copies of the hnRNP A2 gene present in the pseudotetraploid Xenopus laevis. Inserts A2-7 and A2-11 were sequenced on both strands with specific primers as described above. Inserts A2-9 and A2-10 were sequenced on one strand except where the sequence differed from inserts A2-7 and A2-11, respectively. In these areas, the opposite strand was also sequenced. For the hnRNP A3 gene, a single cDNA was sequenced and appeared to be a partial cDNA; a stage 24/25 embyronic cDNA library (35) was screened for full-length inserts. Three inserts of about 1.6 kb (A3-13, A3-16, and A3-17) were subcloned and sequenced on both strands and encode the entire presumed A3 protein. Two inserts are identical in sequence (A3-13 and A3-17) while the other insert (A3-16) differs slightly; again these two classes of cDNAs probably represent the two copies of the hnRNP A3 gene. All sequences were analyzed with the GCG package of computer programs (37) .
Northern blot analyses
Northern blots of tissue and embryonic RNAs were performed as described previously (36, 38) . For the xrpl, nrpl, and hnRNP Al probes, the entire cDNA was used as a probe and the blots were washed under stringent conditions (0.1 xSSPE, 0.1 % SDS; 65°C 2x 15 min). For the hnRNP A2 and A3, specific probes were made from restriction fragments of the 3' untranslated region. Blots were stripped of probe by washing twice with 10 mM Tris-Cl (pH 8.0), 1 mM EDTA, and 0.1% SDS at 95°C for 10 min followed by washing with the same solution at room temperature. The blots were exposed to film before reprobing to ensure sufficient probe removal.
In vitro translations
The appropriate inserts were subcloned into the EcoRI site of the plasmid pSD3, a vector that allows the synthesis of RNA with a polyA tail by SP6 RNA polymerase (39) . The hnRNP Al insert is from plasmid pXlAla (17) . Capped RNA was synthesized by including a 5-fold excess of 7 n *GpppG in the transcription reactions (Promega). Following DNase treatment, RNA was translated according to the manufacturer's instructions in a rabbit reticulocyte lysate (Promega). Proteins were labeled by incorporation of 35 S-methionine, electrophoresed on 10% SDS/polyacrylamide gels, and detected by autoradiography.
Epitope-tagged version of nrpl
To make an epitope-tagged version of nrpl, a primer was synthesized that encodes 12 aa of a myc epitope (40) at its 5' end and 18 nt of nrpl sequence beginning with the first AUG codon at its 3' end. This primer was used with an antisense primer from the 3' UTR of nrpl to amplify a modified nrpl insert, and this DNA was inserted into pSD3.
Xenopus oocyte injections
In vitro translation products labeled with 35 S-methionine were purified and equilibrated with injection buffer by ultrafiltration (Amicon Centricon 10). Samples of either capped mRNA (30 nl of 0.5 /ig//il) or in vitro translated proteins (30 nl) were injected into the cytoplasm of stage VI oocytes (41) . Protein-injected oocytes were harvested after 6h at 18°C; RNA-injected oocytes were labeled by incubation with 35 S-methionine (1 mCi/ml in OR2) beginning 4h after injection and then harvested after 24h at 18°C. Oocytes were manually dissected into cytoplasm and nuclear (GV) fractions, the proteins extracted, and analysed on SDS/polyacrylamide gels (42) .
Primers for PCR and library screening
PI GGAATTCCGGNTT[C,T]GGNTT[C,T]GTNAC P2 GGAATTCTG[C,T]NTNGTNATG{G,T]GNGA[C,T]CC P5 GGAAnCCNCCNAC[G,A]AANA[A,G,T][C,T]TT[C ) T]TT P7 GGAATTCAC[G,A]AA[C,T]TG[C,T]TC[G,A]AA[G,A]TA nrpl GGACCAAGCGGGAGTGGACAAAGT XI Al TTCCTCTAGGCCTGGTGCACACC xrpl AGATCCTGCAAGTCTAGAT XI A2 CATGAATGAAGTTGACGCAG XI A3 CGCACAAAGTTGATGGCCG
RESULTS
PCR amplification of genes encoding proteins with two RRMs
Since the spacing of RRMs is invariant in hnRNP proteins with two RRMs (Fig. 1) , we expected to amplify DNA of a discrete size from RNAs that encode at least two RRMs by using primers that span an RRM boundary. We aligned the available vertebrate and Drosophila hnRNP A/B protein sequences with the nrpl protein and designed degenerate PCR primers based on conserved regions within the first and second RRMs (Fig. IB) . All combinations of these primers were used to amplify DNA from either embryonic or brain cDNA, and the products of the correct size were inserted into a plasmid vector. Initially, 48 randomly picked plasmids were sequenced to determine the identity and distribution of different sequences. Most inserts were either hnRNP Al or nrpl sequences. Next, an ordered array of 960 plasmids was screened by hybridization with the PCR fragment to identify plasmids with inserts, and counterscreened with oligonucleotide probes specific for hnRNP Al and nrpl to eliminate plasmids containing these abundant cDNAs. The remaining 145 inserts were sequenced. A total of five genes were identified. Two of these, hnRNP Al and nrpl were known; the three remaining genes are described below.
A sequence related to nrpl
One set of PCR fragments were similar, but not identical, in sequence to nrpl. We named the corresponding gene xrpl for Xenopus RNP protein. A full length cDNA (see below and Materials and Methods) derived from the xrpl gene was isolated and sequenced. The predicted xrpl protein shares extensive sequence similarity with the nrpl protein in the RRMs and also, to a lesser extent, in the carboxy terminal tail ( Fig. 2 and Table  1 ). The major difference between the two proteins are insertions/deletions, resulting in a length of 406 aa for xrpl as compared to 347 aa for nrpl. Whereas the tail of the core hnRNP A/B proteins is highly enriched for glycine, the tail of xrpl, as that of nrpl, shows no such enrichment although the frequency of glycine, alanine, tyrosine, and proline is about twice that of an average Xenopus protein. While there is little sequence similarity, this composition is somewhat reminiscent of that in the tail domain of the Drosophila hnRNP hrp48.1 (21) .
Sequences related to the human hnRNP A2/B1 proteins
Two different sets of PCR fragments were closely related to the human hnRNP A/B sequences. Four apparently full-length cDNAs were isolated corresponding to one set of PCR products and the predicted protein was most similar to the human hnRNP A2/B1 proteins (Fig. 3 , Table 1 ). The human A2/B1 proteins are most likely products of alternative splicing of one transcript (13); we refer to the predicted frog protein as Xenopus hnRNP A2 because the sequence of the amino terminus, where the human A2 and Bl proteins differ, is identical in all of the four predicted proteins to the A2 protein. isoform may not exist in Xenopus. Xenopus laevis is a pseudotetraploid organism with two non-allelic copies of most genes; these copies are very similar but not identical, and usually both are expressed (43) . On the basis of nucleic acid sequence we conclude that two of the hnRNP A2 cDNAs (A2-7 and A2-9; accession # L02954) represent one copy, while the other two cDNAs (A2-10 and A2-11; accession #LO2955) represent the other copy. These cDNAs are 92% identical at the nucleic acid level while the predicted proteins are 95% identical.
Protein isoforms of the Xenopus hnRNP A2 protein
The four hnRNP A2 cDNAs each encode different protein isoforms. Two of these different isoforms are due to the presence of two copies of the gene in the pseudotetraploid Xenopus laevis genome, as described above. A more substantial difference appears to result from alternative splicing. Within the glycinerich carboxy terminus, the A2-7 and A2-11 proteins line up with the human hnRNP A2 protein (with the exception of an occasional single amino acid deletion or substitution) (Fig. 4A) . However, the A2-9 and the A2-10 proteins have a 34 aa deletion and a 12 aa insertion, respectively, at the identical location relative to the human hnRNP A2 protein. In vitro translation of mRNA transcribed from these cDNA clones demonstrates that the A2-9 and A2-10 cDNAs encode isoforms with different molecular masses from the A2-7 and A2-11 cDNAs, consistent with their sequence (Fig. 4B ). This result also shows that the A2 isoforms are translated as efficiently as the Xenopus hnRNP Al and A3 proteins. Multiple isoforms of a similar nature, differing widiin the carboxy terminal domain, are seen in the Xenopus nrpl (6), Xenopus hnRNP Ala/Alb (17), human hnRNP A1/A1 B (44), Drosophila hrp40.1/hrp40.2 (21) , and human hnRNP C1/C2 proteins (13) .
A novel hnRNP A/B protein
The sequence of the second set of PCR fragments was closely related to but distinct from both the Xenopus hnRNP Al and A2 sequences; we named this gene the hnRNP A3 gene. Three nearly full-length cDNAs were isolated; two inserts, A3-17 and A3-13, represent one copy of the A3 gene (accession # L02957). While both these cDNAs encode the same protein and have 3' terminal poly A stretches, the A3-13 insert ends 76 nt upstream of the A3-17 insert; both poly A termini are preceded by a canonical AATAAA polyadenylation site. Presumably, these cDNAs represent mRNAs with alternative polyadenylation sites. The third plasmid, A3-16 represents the other 'tetraploid' copy in the Xenopus laevis genome (accession # L02956). These two copies of the hnRNP A3 cDNA are 94% identical at the nucleic acid level, while the encoded proteins share 96% identity.
Comparisons between the hnRNP A/B class proteins (Fig. 3,  Table 1 ) show that sequence identities are higher in the RRMs than in the tail domains, yet these proteins also share substantial homology in the tail. Both hnRNP A2 and A3 have glycine-rich carboxy terminal domains characteristic of the type A/B proteins. As is common among members of most protein families, homologs in different species (e.g., frog and human A2 proteins) are more similar to each other than even closely related family members within the same species (e.g., frog Al, A2, and A3). The basis for classifying the Xenopus A3 protein as distinct is also apparent from Table 1 ; A3 is no more similar to Xenopus Al and A2 than it is to human Al and A2. Therefore it is possible that a mammalian A3 homolog remains to be discovered.
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• Dr TRA2 The relationship of these newly-identified proteins to other RRM-containing proteins is demonstrated by a pairwise comparison presented in Figure 5 . The hnRNP A2 and A3 together with hnRNP Al form a subgroup of hnRNPs distinct from but related to Drosophila hnRNPs (19, 21) , the Caenorhabditis elegans rbpl protein (45) , and the human RNP AB (46) . Both nrpl and xrpl are most similar to a Drosophila hnRNP protein hrp48.1 (21) , with all three proteins being most similar to the hnRNP A/B class. Other RRM-containing proteins, including the nervous system-specific Drosophila elav (9) and human brain RNP (7) proteins, are more distantly related to both the hnRNP A/B and the nrp/xrp proteins.
Conserved 3' untranslated region of the hnRNP A2 mRNA
A comparison of the 3' untranslated region (UTR) from the human and Xenopus A2 hnRNP mRNAs indicates a surprising degree of similarity (83% identity) between these sequences over a length of approximately 500 nt (not shown). Comparing the 3' UTR of the hnRNP Al and Cl mRNAs from human and Xenopus reveal no similarity above random, although the 3' UTRs from rat and human hnRNP Al are highly conserved. In addition, a comparison of the 3' UTR of the human and Xenopus poly(A) binding protein also indicates a strong sequence similarity (75% identity over 400 nt of 3' UTR comparing accession # Y00345 to #M27072). This conservation of sequence within the UTR implies a functional role in regulation of mRNA stability or translation.
Expression pattern of the xrpl gene
To determine if xrpl is expressed in a tissue-specific manner, a northern blot containing RNA from different adult tissues was probed with an xrpl cDNA probe. An approximately 1.8 kb RNA is detected that is present in all tissues tested, including XTC cells (Fig. 6A ). This contrasts with the nervous system specificity of its close relative nrpl (35) . Northern blots with RNA from different developmental stages indicated that xrpl is expressed throughout development, increasing in levels after neurulation (Fig. 6B) . This increase paralleled the increase in RNA levels seen for nrpl (Fig. 6C) . The abundance of the xrpl RNA is at least 5-fold less than that of the nrpl RNA as seen from comparative northern blots (data not shown).
Coordinate expression of the hnRNP A/B genes RNA blotting showed that the hnRNP Al, A2, and A3 genes are expressed maternally and throughout embryogenesis (data not shown). All three genes are expressed in all adult tissues that were tested, although some quantitative variations in expression level are seen (Fig. 7) . For all three genes, the ovary and late embryonic stages contained the highest level of RNA, suggesting a requirement for hnRNP proteins during rapid cell proliferation (embryogenesis), or in preparation for proliferation (oogenesis). This result is consistent with expression of hnRNP genes in Drosophila (18, 19) and with the observation that hnRNP protein levels are high in proliferating cells (47) . Direct comparisons between these RNAs indicate that the hnRNP A3 gene is expressed at approximately 10-fold lower levels than the hnRNP Al or A2 genes, which are expressed at similar levels (data not shown). Thus, since the mRNAs are translated at equivalent efficiencies (Fig. 4) , the hnRNP A3 protein is a minor component of hnRNP complexes. All A/B class hnRNP gene probes detected multiple RNA species in all adult tissues. Two Al RNA species are seen, approximately 1.4 and 1.7 kb. The predominant A2 RNA species is approximately 1.9 kb, with a minor RNA of about 3.2 kb. Two RNAs of 1.7 and 2.4 kb are detected with the A3 genespecific probe. Small variations in mobility of RNA species between lanes is a gel artefact since the same filters probed for Xenopus elongation factor-la demonstrate parallel variations (data not shown). While the nature of these additional RNA species, whose ratio varies with tissue type, is not known, these differences may be the result of alternative polyadenylation as seen in human Al (15) and Drosophila Hrb98DE (18) and Hrb87F (19) mRNAs.
Cytoplasmic localization of the nrpl and xrpl proteins
The similarity in sequence of both the nrpl and xrpl proteins to the core hnRNP A/B proteins suggested that these proteins may be hnRNP proteins involved in nuclear RNA processing. To test this hypothesis, we examined the intracellular localization of the nrpl and xrpl proteins in Xenopus oocytes by two separate experiments (Fig. 8) . First, labeled proteins synthesized in vitro were injected into the oocyte cytoplasm, and after an incubation of 6h the oocytes were fractionated into nucleus (germinal vesicle or GV) and cytoplasm. As expected, the majority of die injected hnRNP Al protein migrated into the nucleus. However, neither nrpl or xrpl protein was found in the nucleus, even though the proteins appeared quite stable in the oocyte (Fig. 8A) . When Al and xrpl proteins were coinjected, each behaved as it did in singly injected ooytes. In the second approach, synthetic mRNAs were injected into oocytes, the proteins labeled by incubation with 35 S-methionine, and the oocytes dissected into nuclear and cytoplasmic fractions; the products were then analyzed by gel electrophoresis. We used an epitope tagged version of nrpl for this experiment (see Materials and Methods) because this RNA was translated more efficiently than unmodified nrpl or xrpl mRNA. Again, hnRNP Al was efficiently transported to the nucleus as expected; in contrast, the efficiendy translated nrpl protein remained in the cytoplasm and could not be detected in the nuclear fraction (Fig. 8B) . Similar results were obtained for xrpl translated from its mRNA after injection in the oocyte (data not shown). We conclude that, at least in the Xenopus ooctye, both nrpl and xrpl are cytoplasmic proteins.
DISCUSSION
Isolation of cDNAs for proteins containing two RRMs from Xenopus
The use of PCR amplification with degenerate primers enables one to identify and isolate genes that share various degrees of similarity. With this approach, we have isolated cDNAs corresponding to three previously unreported genes encoding putative RNA binding proteins in Xenopus. All three predicted proteins contain two RRMs, as expected from the design of the PCR primers. We do not feel that this was an exhaustive search for cDNAs encoding RNA binding proteins with two RRMs in Xenopus, since the approach used is subject to several variables including the match of the primers to the actual sequence, and the abundance of the target cDNA. A different PCR screen for RRM sequences from Drosophila and plants yielded several distinct sequences (23, 48) .
The three genes identified here include the Xenopus hnRNP A2 gene, a gene encoding a putative core hnRNP protein named A3, and the xrpl gene that is similar to the previously studied nrpl gene. All three predicted proteins have the same domain structure characteristic of hnRNP A/B proteins. The predicted hnRNP A2 and A3 proteins also share extensive sequence similarity, not only within the conserved RNP1 and RNP2 sequences but throughout the RRM. In addition both proteins share glycine-rich tails with other hnRNP A/B proteins. Given its similarity to other core hnRNP proteins and its ubiquitous tissue distribution, A3 most Likely is a core hnRNP protein. In contrast, the predicted xrpl protein, along with nrpl, is similar to the hnRNP A/B proteins mainly in the conserved RNP1 and RNP2 sequences and in a few other residues, while the carboxy terminal domain does not contain a single predominant amino acid.
Cytoplasmic RNP proteins expressed in Xenopus
The xrpl gene is closely related to the nervous system-specific nrpl gene yet is expressed in all tissues and developmental stages tested. Both xrpl and nrpl are most similar to nuclear RNA binding proteins (hnRNPs; Fig. 5 ), and because of this sequence similarity nrpl was classified with the hnRNPs in our original report (6) as well as in a recent compilation (23) . On the basis of the results shown in Figure 8 this conclusion appears to be incorrect, casting doubt on the functional classification of RRM proteins solely on the basis of sequence relationships. The nrpl and xrpl proteins may regulate events in RNA metabolism that occur in the cytoplasm such as localization of specific mRNAs within the cytoplasm, transport of RNAs after their exit from the nucleus, cytoplasmic polyadenylation, and regulation of translation. Alternatively, these proteins may after all function in the nucleus, but nuclear localization may occur only at certain developmental stages or in certain tissues. A number of proteins contain nuclear localization signals that are regulated in different tissues and developmental stages (49, 50) . The most dramatic example of regulated localization is provided by the product of the dorsal gene, which is nuclear in ventral cells but cytoplasmic in dorsal cells of Drosophila embryos (49, 50) . In addition, the localization of a protein may depend on the synthesis of its target RNA, as is the case with some snRNP proteins whose localization depends on the expression of their corresponding snRNA (51) . In the case of nrpl and xrpl proteins, however, preliminary experiments (unpublished observations) have suggested a cytoplasmic localization in Xenopus embryos, similar to the situation in oocytes.
Are the functions of nrpl and xrpl similar? A possible hypothesis in favor of such an interpretation holds that the xrpl protein has a ubiquitous function in RNA metabolism, while the nrpl protein carries out the analogous function in the nervous system. If the nrpl and xrpl proteins have in fact similar functions, it remains unclear why the brain should express both; however, it is possible that the expression of nrpl and xrpl is cell type-specific within the nervous system, leading to nonoverlapping patterns for the two genes. Alternatively, nrpl may have evolved a more specific function that is needed for a specialized RNA processing event that occurs only in the nervous system. In either case, identification of other proteins and/or RNA species that interact with the nrpl or xrpl protein should provide clues to their functions.
Diversity of core hnRNP proteins in Xenopus
We propose that the Xenopus hnRNP A2 gene is the homolog of the human A2/B1 gene. The Xenopus A2 gene encodes proteins with alternative peptide inserts within the glycine-rich domain; similar alternative products are seen in the human Al gene (17) . However, the difference between the mammalian Bl and the A2 protein is a 12 aa insert near the amino terminus (13); as described above, the corresponding alternative product appears to be absent from Xenopus. With the identification of the A3 gene it appears that Xenopus contains at least three closely related hnRNP genes whereas only two have been identified in mammals within this subgroup (the Al and A2/B1 genes). It is possible that the frog A3 protein may perform the function served by the Bl isoform in mammals. Alternatively, the A3 gene may have evolved separately in a lineage leading to Xenopus, or the corresponding mammalian gene may exist. For example, the A3 protein may be the homolog of the human B2 protein for which no cDNA has been identified.
Monoclonal antibodies against hnRNP proteins detected multiple reactive proteins in Xenopus cell lines (21, 52) . We do not know whether the Xenopus cDNAs isolated so far (i.e., Al, A2, A3, and C1/C2) account for this diversity. A minor core hnRNP protein with two RRMs, the human hnRNP AB protein (earlier referred to as the hnRNP C3 protein (46, 53) ), is only 37% identical to the Xenopus hnRNP A3 protein. The human hnRNP AB gene has a different domain structure in that the amino terminal sequence upstream of the RRMs is longer than in the hnRNP A/B proteins, and it lacks a long glycine-rich carboxy terminal domain (46, 53) . It remains to be seen if a Xenopus homolog of this gene exists. In Drosophila, a family of at least five genes encodes the major hnRNP core proteins, with no clear indication from sequence similarity to suggest which gene may be the homolog of which mammalian gene (18, 19, 21, 54) . Using an experimental definition of an hnRNP as the association of a protein with nuclear pre-mRNA, a large number of hnRNP proteins have been described in humans and flys (55, 56) , including some that are encoded by the hnRNP A/B family, others with RRMs diverged from the hnRNP A/B type (57, 58) , and still others that do not contain RRMs (59, 60) .
